The present paper considers multi-state systems which are regarded as a generalization of binary systems, and generalizes the concepts of BW systems proposed by R. E. Barlow and Alexander S. Wu. Since the structure function of a BW system is defmed by using tht: minimal path sets of a binary coherent system, the BW system has a strict restriction that the form of minimal p.ath sets should be identical for any states of the system.
Introduction
Multi-state systems have been studied by several authors, e.g., R.E.
Barlow and Alexander S.Wu [2] , E.Nl-Neweihi, F.Proschan and J.Sethuraman [3] , W.S.Griffith [4] , F.Ohi and T.Nishida [5, 6, 7] and J.I.Ansell and A.Bendell [8] .
In considering multi-state systems, the state spaces of systems and their componets are assumed to have at least two states including both perfect functioning and complete failure. For this reason, multi-state systems are regarded as the generalization of binary systems. Binary coherent systems more generalized conditions such that state spaces of systems and their components are not necessarily the same.
In the present paper we generalize the concepts of BW systems. Since the structure function of a BW system is defined by using minimal path sets of a binary coherent system, the BW system has a strict restriction that the form of minimal path sets should be identical for any states of the system. In this paper, we relax the strict condition and propose a class of multi-state systems which we call Extended BW systems (EBW systems). We present some properties of EBW systems and clarify the relationship among multi-state, EBW and binary coherent systems.
As the main results of this paper, we show that any EBW systems are equivalent to a class of binary coherent systems satisfying some conditions.
Furthermore, we provide the interesting characterization that the class of EBW systems is the maximum class of the multi-state systems which can be transformed into the class of binary coherent systems whose number is identical to the number of states of the multi-state system. In more recent work, J.I.Ansell and A.Bendell [8] have established a hierarchical definition of multi-state systems. Concerning this work, we see that the class of EBW systems includes the multi-state systems with 'well-defined binary image' proposed in [8] . The results of this paper will be useful for the structural analysis of multi-state systems and the evaluation of system reliability.
Moreover, since the class of EBW systems is the maximum class which can be transformed into binary systems, its concept may be applied to the study of the multiple-valued logic [9] .
In Section 2 we present the definition of multi-state systems, BW systems and EBW systems, and several notations. Section 3 provides some properties of EBW systems. In Section 4 we discuss the transformation method of EBW systems into the binary coherent systems. In Section 5 we present a relation between EBW systems and binary systems satisfying some conditions.
Multi-state systems
We assume that a system is composed of n components, and the state spaces of the system and its components can be represented as {O,l, ... ,m}.
Let C = {1,2, •.. ,n} be the set of the components and let n. (iEC) and S be 1, finite totally ordered sets with m+l elements. The state spaces of the system and the components are the same,i.e., n. = S = {O,l, ... ,m}. Physically, of the system, is an element of n i . It is assumed that the state of the system is determined by the states of all the components, so that the state of the system is described by a structure function .(~) of the state vector x with range S = {O,l, ••• ,m}.
In this paper, we use the following notations, where 8ES=n i , ~ElliECni and iLEl1iECni· 
(4)
(6) M8~ is the set of all the
is the set of all the minimal el,~ments of .-l(s). x < y implies .<iL) < 8 for any iL.
), and
We consider the definitions for several multi-state systems in the following. Suppose that all the components and the system have the same finite totally ordered set, i.e., {O,l, ... ,m}, then a multi-state system may be defined as follows: 
Characterizations of EBW systems
In this section we investigate some basic properties of EBW systems. Proof: Let ~ be an element of Ma~" Since ~ ~ ! and ~ is non-decreasing, Proof: (1) (Proof of M < :J M ) Let: x be an element of M and consider y_
Hence x is the minimal element of ~-l(a~). 
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Proof: From Theorem 3.3, this corollary is easily proved by using the relation in Corollary 3.1, i.e., s.
The proof of (ii) is easily shown from (i).
Q.E.D.
In the above discussion, we have considered multi-state systems apart from the concept of coherency which presents whether each state of all the components contirbutes to the state of the system or not. In the following of this section we discuss the relations between an EBW system and the coherent property of multi'-state systems proposed by F.Ohi and T.Nishida [6) .
Definition 3.1. A multi-state system is said to be coherent if each i of C and for each sand t of n i (s~t), there exists x such that ~(si,~)~~(ti'~).
The coherent property of this definition is identical with 'FHN-regularity' in F.Ohi and T.Nishida [6] . On a c:oherent EBW system, the following theorem holds. 
since ~ is a non-decreasing func:tion and x is a minimal element of
Transformation of EBW systems
This section provides a transformation method of the EBW system into binary systems and some relations between those systems. In the following, we assume that (n. Cn.,s,~) is an EBW system. Let n. = n.\{o}' S = S\{O} and where (')k is the k-th element of (.).
(2) ~ is the mapping from S to n S such that for every s of S: 
1.
In this section, we investigate the property of functions ~i' ~, TIS and ~s (SES) for an EBW system (ITiECni's,~). Then nsof(~) = «~I(xl»s'(~2(x2»s""'(~n(xn»s) using Definition 4.1
(1), Le., 
Q.E.D.
We assume that the ordinary product ordered relations are given on n~ and nS. Proof: We prove that the function ~8 is a non-decreasing surjectiol1.
(1) (Proof of surjection): From definitions of n8 and f, n8of(!) -!. Since the proof is easy, it is omitted.
Relationship between EBW systems and binary systems
In this section we consider a relationship between EBW systems and the classes of binary mono tonic systems satisfying the following condition.
Condition 5.1. On the other hand, it follows from Theorem 5.1 that the triplet (ITiECQi' S,.), which generated by lV (SES) using functions n , ~ we have W ;< ~ since there Q.E.D.
Conclusion
We have propesed an EBW system as an extension of Barlow-Wu (BW) systems.
The extension method has been accomplished by relaxing the strict condition that the form of minimal path sets of BW systems should be identical for any states. We have discussed some properties of EBW systems and relationship between EBW systems and the class of binary systems. As the main results, we have shown that an EBW system is equivalent to a class of binary systems satisfying some conditions. Furthermore, we clarified that the class of EBW systems is the maximum class of multi-state systems which can be transformed into binary systems whose number is identical to the number of states of the multistate systems.
Concerning EBW systems, there remain some problems such as modules, analysis of system reliabilities and applications of the concepts of EBW systems to multiple-valued logic systems and so on.
